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Tne Fermilap Accelzraror Complzx

* Main Injector (150 &eV proton
storage ring) replaces Main Ring e~ MAIN INJECTOR
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Tevatron Collider Improvemenis

L=37/r*f0!NBNB‘ \

F(ﬁ*,ﬁx,ﬁy,gp,ep,az)

% \ p
 Total Antiprotons

Physics Opportunites

Top

Higgs

QCD
Electroweak

B Physics

New Phenomena

DESY Hamburg

(1 +gp/gp)

p per bunch

#bunches

Run 1b

Run 2a

36x36

Run 2b
140x103

Vs (TeV)

typ L (cm2s)

[Ldt (pb-iweek)

bunch xing (ns)

1.8 1.96 1.96
1.6x10% | 8.6x10%1 | 5.2x10%
3.2 17.3 105
3500 396 132

interactions/xing
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Luminosity (/10°° em™%sec™)

SUSY02, DESY Hamburg

Tevatron Run I History

Discovered: top, B,, diffractive..

Measured: My, M,,, o(t), sin2p, .
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Luminosity (/1 0*° ecm~%sec ™)

Run I (Oct 92 > Feb 96)
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Total Lurninasity (pb™")

Peak luminosity still low but improving
- X2 since January 2002 AZ
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Near Term

- > 60 pb?! by July shutdown
- > 100 pb! by end of 2002
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Stiort: term Luminosity’ Prospects

- Massive effort put into understanding and improving
Luminosity
* Fixed Accumulator - MI optics
* Much work on stabilizing tunes in injection and low beta

squeeze
* Fight large antiproton emittances

* Work on accumulator lattice to reduce beam heating

- Access early June to add transverse cooling to
accumulator is expected to improve L by factor 2-4

- Max luminosity achievable without Recycler ~8x10°
(maybe by the end of 2002)

- Need recycler to get to 2x 10%¢
* Major shutdown in October ‘02 to finish Recycler work
* Full benefits of Recycler ~Summer 2003

SUSY02, DESY Hamburg . Carmine Elvezio Pagliarone



Si' tracking

CLEIN

Endplug Calorimeter

Tracking
= Layer 00
= SVXIT
= ISL
= COT

Front End Electronics
Trigger (pipelined)
DAQ System

Muon Systems
Luminosity Monitor
TOF

Offline Software . . MP
CMX Mini skirt
SUSYo02, _ _ _
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The COFII Tracking Sysfem

: C‘enfral Outer Tracker (COT):

open cell drift chamber

- maximum drift time 100ns
« Small cell size, Fast gas

- single hit resolution ~200 um
- excellent pattern recognition
- improved stereo capabilities

- Silicon Tracker System:
- increased z coverage (length ~ 1m)
- ncoverage uyp to [ n [ < 2 .
- 3-D track reconstruction
- impact parameter resolution L 1B M,
o, < 30 um i | .
o, < 60 um B

e J

Trigger Sysrem two main
/mprovements

*XFT: track reconstruction at L1
*SVT: displaced track triggering at L2

VA (1 ARDESYSH amburg) =9s Carilng Zlveio Paaglizirone



Run IT detector improvements

Improved z coverage of Silicon fracker =
+50% of Run I geometrical acceptance (...1op)

3D vertexing capabilities =
better fake rejection

Track reconstruction can be extended to
1<n<2 = several mqgjor effects:

- b-tagging (recover ~30% of b's in tt events)
- lepton ID (electrons in Plug calorimeter)

Increased muon System, accepitance by 127 =

Efficiencies (%)
SVX(b-jet)

SLT(b-jet)

SUSY02, D=5/ rlluloiire) & Czrrlng Zlvezio Paaglizrone



COF-IT Status

- Detector:

- All systems installed and commissioned:

- DAQ@ and trigger:

- Running physics trigger table with > 100 trigger paths since Feb ‘02
* New SVT very successful
- Typical running conditions:

- L1: 3.5KHz  L2: 200 Hz L3: 20 Hz

*  Data essing:

- Reconstruction farm keeps up with data logging
- Physics groups skim data:
* Observe signals from low and high P; triggers: v, D, B, W, Z

DESY Hamburg
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CDF B Lifetimes CDF Am, Results
LA W Mass Measurement

0 +0. - r
uB) o [1.51+0. D’lep / SST 0.471 37 + 0,034 ps

:

CDF(1B) Preliminary  y /df = 82.6/70 (50 < M < 120)
Wosey s, A IdE=32.4/35 (65 <M < L0O)

T(Bg) - - e/u 0.450 + 0.045 = 0.051 p: .__*— ":T\flw =80.473 +/- 0.065 (stat) GeV

# Events

(8" " _ lep / Q*'lep 0.500 + 0.052 + 0.043 p:

4

oAg) _ _ W/ 0.503 + 0.064 + 0.071 p T L ¥ Backgrounds

0.035

- D*lep /lep 0.516 + 0.099 * 2%2% pg™ 2 . KSiprob)=16%
B,) J

D /1ep 0.562 + 0.068 * %! ps-

0.050

N Average 0.495 + 0.026 + 0.025 1 . Fit region
«(B")/x(B") 1.09 £ 0.05 P o gl

S - |
L10 L20
Transverse Mass (GeV)

CDF preliminary

Top gquark discovery (COF&DO

168.4 + 12.8 Gev/c* Dilepton

1733 + 7.8 Gev/&* Lepton-+jets

1721 £ 7.1 Gev/¢® Combined 84705

N Combined

L L 167.4 4+ 11.4 Gev/e* Dill
150 175 200 e/ ilepton Theory (4.7 - 5.5

2
Mmp (GeV/c™) 176.1 & 7.4 Gev/c® Lepton+jets

O DIL

Background 1860+ 115 Gev/ct All-Hadranic [ | P L+1 (topo

Events/(10 GeV/c?)

B Signal+Background 176.1 £ B.6 Gev/c® Combined F &30 L+71 (L tag

1
Tevatron 71,k
combined F

i 1743+ 5.1 Cev/e® r LR

T T T T
130 200 230 0d 330 150 160 170 180 180 200

Reconstructed Mass (Gercz) _ {Gev/c" O (pp — ) (pb)
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Run IT Physics Highlights

Q  Study Electroweak Symmetry Breaking

» Precision EW Measurements
> Precise M,, measurement (10’ (IIa) - 10° (IIb) events);
> Better M,op measurement (10k (IIa) - 75k (IIb) events - AM
> Better top Cross Section Measurement (Aos(t1) 8% ).
> Investigation of the Top properties.
> Direct Searches for EWSB mechanisms

> the Standard Model Higgs

& 2-3 GeV/3);

top

> SUSY
Q Searches for New Phenamena
> SUSY:

» Large Extra Dimensions,
» QCD tests: probe distance scales below 1 milli fermi;

Q Study CP Violation and the CKM Matrix
» X, Measurement (up to ~60).
> sin2p3 Measurement, + «, y
> CP violation using B—»J/y K°, ( 15k(ITla) - 100k (IIb))
» CP violation using B —n* n

> Rare Decays: e.g. B —uu K

DESY Hamburg . Carmine Elvezio Pagliarone



Beginning to look at Physics

+  Electroweak:
- Z > ee, uu Samples.
- W —> evand W — uv Samples:.
- W — tvbetter samples fom better t—ID;

+  Top Physics
- First top candidates:.

- top in dilepton will be done first
- No b-tag is necessary:
- Smaller backgrounds.

+  Bottom/Charm Physics

» Reconstruction of B mesons.
» Reconstruction of Charms
> Beginning to develop analysis tools, look at rates

DESY Hamburg . Carmine Elvezio Pagliarone



Z — ee, uu Candidates

Central - Central
Z— e'e" candidates|

" CDF Run II
‘\_‘Em;_ Preliminary ® Data
E a0l Lunﬁnas:j.r _-El W Simulation
C ~ 8 p
= r
0 30 Date : 2001. 12.7 231 Events
c ~ 22 3 2 .
220
w
10
%0 o 80  1op 120 140
M, (GeVic')
Central - Plug
120 Z— e*e  candidates|
100 CDF Runlll
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=
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CDF preliminary 03/05 2002
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W — ev and W — uv Candidates

. Inclusive Electrons
. W — e v candidates

1955 events
(E; > 20 GeV, MET > 20 GeV)

I L=3.3pb"
December 2001-January 2002

. . ]
Entrl&s / thth-g

0 80 ., 100
MT(GeV.-'c)

140

[E, vs. MET of W — e v candidates| Nent = 1955
ent =

80

70 J L=33pb"

-, December 2001 -
January 2002

60

E{GeV)

40 MET F&EV) 60 70 80
M, of W — e v candidates
120 B Nent = 1955 T T T | T
i % 45 - Stream A data
B LG - Nent = 349
1001 oy 40| Mean = 6833
“ I § g5 LRMS = tass |
-~ QM 5
® 801~ 1 € »F :
o | J L=33 pb E 30 o MC data
o~ u = - Nent = 1678
60 bl ) S Mean = 67.59
0 i December 2001-January 2002 - RMS = 13.19
.E | 20 pRREERREEIRL L S
= 40l g
o i -] At 2t
20~ 10
N sF
0 S A
20 40 60 80 , 100 120 140 00 50 40
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_Isolation Fraction vs. MET |

N5AN RARA EAELE LALEN LARLY AR AL

W — e v signal region
Isolation Fraction < 0.1
MET > 20 GeV

I L=33pb"
December 2001 -
January 2002

ST T N T
40 50 60 70 8D 90 100
MET (GeV )

30

60 80
v transverse mass, GeV

100
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W — rv Candidates

|Tranamrsnhl‘aaa of at-candidate and missing Et I

N(charged tracks) associated with t candidate Nent = 112
:@70 0 CDF Run II Preliminary(L = 4pb’')
s [ points: data
D anl open histogram: W —tv MC
EBO p s red histogram: QCD background
n N(W —>7v)= 915 + 1.7 (it)
50— N(QCD) = 19.3 + 0.3 (fif)
a0[-
30[ B
20—
10 i
0 B L L 1 I 1
0 2 4 6 8 10
N(tracks)

Very clean tau samples:

 Increased detector performances
*  better tau ID algorithms.

SUSY02, DESY Hamburg

COF Run IT Preliminary (L = 4pb_l:|
points: data
histogram: W—twv MC
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Top dielectron candidate

_|_

tt—>e'e j]-l—ET

Efe’) = 73 GeV b
Ele) = 56 eV | » 7

MET = 43 GeV
Exjer) = 356eV | N\
E (jei?) = 34 eV Yy

+ T—) pass Run I dielectron
Analysis cuts;

- Displaced vertex as expected
from the b's;

| e Bt=73 GeV
ikl e- Et=56 GeV
[~ Jetl: Et= 35 GeV

- Jet2: Et =34 GeV
Missing Et =43 GeV
Mass (e-eH)=118 GeV

DESY Hamburg
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J/V - ptu

| CDF Run 2 Preliminary, 6 pb~, 27 Feb 2002 |
o 20000 J/¥: Evenls: 60492, Widih: 21.6% 0.1 MeV/c? |
~ : 21,
%25000 54DGEI Ti2s): Everts: 226 Widih: T £ 4 Hevie® I
= - s200f
N 20000 | 5000f
ﬂd‘_ - 45005—
£ 15000 | 45“”} +
5 - 44nof +
(2 10000 H

5000 |-

28 29 3 31 3.2 3.3 3.4 3.5 3.6 3.7

Mass (u" u), GeV/ic

A clear J/'P signal:

*  Improved J/V¥ yield (factor 2-
3 over Run I);
> CMU or CMX Muons,
- Sample of 60,492 J/y;
- cross section as expected (~9nb);
- ['=21.62+0.1MeV/A,
- '~ 16 with SVX II;

DESY Hamburg

pseudo-ct, J/'¥, signal region

i -+ data
103:_ -- sideband
| signal

10 |

Ll | - | L 1| | 1
03 -0.2 -0.1 0 0.1

1 1 | 114 1l |
0.2 0.3
pseudo-ct [cm]

First checks on physics:
- Inclusive B lifetime from J/w
consistent with expectations:
* ctg ~ 470 mm (unbinned fit)

- Systematics still out of
controll |

* Prompt y fraction ~ 85%

- Consistent with lower Py cut
relative to Run L;

Carmine Elvezio Pagliarone



60 CDF Run Il B L J¥ K

~ Width = 18 MeV/c?
N ev (peak) = 121

- Preliminary

w
o

Candidates per 10 MeV/c?
e
|

T g,

B* candidate mass, GeV/c?

50

40

30

20

101

| | |
50 51 52 53 54 55 G-

o K
B® - JwK® % 14:— g?el;isiunna :Iy BﬁPt))pﬁfq; (2 )
=50 Width = 5 MeV/c?
? - N ev (peak) = 27
H 8_10} 1
I s | &
| _|_ Bd § Sj_ : |
53 Events 4 ] l H ] . ” } } " ‘
a il K )
CDF preliminary 11 pb ™ B |H | ”lI | | | | ” H “
515 5o Bo5 53 B35 5 525 5.30 5.35 5.40 5.45

0

B, candidate mass, GeV/c?

Bt Mesons (L= 11pb)
- Selection cuts
- L, 0
- P(B)> 6.0 6eV/c
- Vertex quality cuts

SUSY02, DESY Hamburg

B, Mesons (L~ 11pb)

Selection cuts
- L, 0
- P(B)> 5.0 6eV/c
- Vertex quality cuts
- Mass window on Phi

Carmine Elvezio Pagliarone



Side Effects: Lots of Charms from SVT..

>

2807
"0702
9602
S50 F |
> H
© 40 K]
Ezopl 'y
Z20°¢

[CDF Run Ii prellmlnaryl
- D', D,-om ¢ KK

10 |

Feb '02, Luminosity 1.05 pb 1
| ‘ | ‘ | ‘ |

O o ! |

180 1.85 190 1.95 2.00 2.05

KKttmass [GeV]

CDF Run 2 Preliminary (2/25/02)

N
||8|||

8
T

Events/10 MeV/c?
I-Si.l 1 I?S;I 1

D* > Knn 750 nb™’

: + +++++++++*¢.

1.75 1.8 185 19 m(l(‘l?.::) Gev}rc;
6pbl| 100pbl | 201 | E791 | Focus
60 K IM 20 M 40K | 120 K

DESY Hamburg

Feb/26/2002 L=1.2 pb’
T | T T

DS —> KK

400 —

Events per 5 MeV/c*

200 -

CDF Run 2 Preliminary

: , : , :
1.75 1.8 1.85 1.9
KK Mass (GeV/c?)

> Large charm yield BUT
*  poor particle ID,

*  Trigger bias;

*  Prompt and secondary charm

C’harm Studies in progress:
Understanding best use of the sample
- Cross section,
- Ratio of direct versus B produced
- Rare decays

- CP Violation
. Carmine Elvezio Pagliarone




TOF System Performance

CDF Time-of-Flight : Tevatron store 860 - 12/23/2001

M
i

peN1/p-1 (GeVid)
AN}

-
n

1 1.5 2
Momentum [GeVic)

» 110 ps of average resolution
(from preliminary calibration)
Getting close to 100 ps goal;

DESY Hamburg

TOF + track informations

p(K*)<1.5 GeVic (no PID) |

NQGGGG
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8‘ -
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g L
3000
2000
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n 00
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- 500
2 [ At/o<3
£ 400l
o L
300
200—
i N(9) = 1942+ 93
o N(bkg) = 4517
Cul::|||||||||||||||||||||||
0.96 098 1 1.02 1.04 1.08 1.08 ;.T

MK K) (GeVic™)

Carmine Elvezio Pagliarone




Conclusions

* CDF Detector is working well:

- Trigger: All of L1, much of L2;

- Detector: All major systems are working,

- Offline: All major parts are working.
«  (still) Some concern becouse:

- Tevatron Collider Luminosity is still too low,

- LOO is still working on pedestal problems,

- SVX coverage is still not complete (for trigger performance)
- Started to look at Physics

- Reconstruction of boitom/charm, investigation of tools
(TOF, vertexing, etc)

- W's, Z's, and top candidates

*  Luminosity Expectations
- Possibly 100-200 pb-1 by end 2002, 2fb-1 by 2004

SUSY02, DESY Hamburg Carmine Elvezio Pagliarone
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